Juglans mandshurica Maxim is a traditional herbal medicines in China, and its anti-tumor bioactivities are of research interest. Bioassay-guided fractionation method was employed to isolate anti-tumor compounds from the stem barks of 
Detection of mitochondrial membrane potential (△Ψm)
In our study, △Ψm was measured by using Rhodamine123. Treated with the JMM6 for 24h, 48h and 72h, BEL-7402 cells were incubated with Rhodamine123 (2μM/ml) at 37°C for 30min, and washed with PBS. The cell pellets were collected by centrifugation (1000×g, 5min), and resuspended in 500 μl PBS. Fluorescence intensities of Rhodamine 123 in cells were analyzed by flow cytometer.
Statistical analysis
Data were expressed as the Mean±SD from these independent experiments. Statistic analysis was performed using the SPSS 13.0 for Windows. Comparisons between two groups were performed by unpaired T-test. Multiple comparisons between more than two groups were performed by one-way analysis of variance (ANOVA). Significance was accepted at P value lower than 0.05.
Results

Anti-proliferative activity of the JMM6 on BEL-7402 and chang liver cell line
The extracted JMM6 was evaluated for its ability to inhibit the growth of human hepatocellular carcinoma cell line BEL-7402. After treating for 48h with the different concentrations of JMM6 (30, 60 and 120 μg/ml), the cultured situation was observed on BEL-7402 cells ( Figure 1 ). The JMM6 showed the potent anti-proliferative activity with its IC 50 value was 83.0μg/ml ( Figure 2A ). To determine the cytotoxicity of the JMM6 on normal human hepatocyte cell line, chang liver cell line was treated by the JMM6 at different concentrations and incubation time ( Figure 2B ). The results showed that when chang liver cells were treated for 48h, the IC 50 value of the JMM6 was 155.4 μg/ml. It indicated that the BEL-7402 is more sensitive to JMM6-induced cytotoxicity than normal human hepatocyte cell line. After incubated with BEL-7402 and chang liver cells for 48h, the IC 50 values of positive control Vincristine Sulfate（VCR）were 9.41μg/ml and 2.49μg/ml ( Figure 2C ). 
Induction of apoptosis as evidenced by Hoechst 33342 staining
The occurrence of apoptosis was identified with Hoechst 33342 staining. 
Apoptosis assessment by Annexin V-FITC/PI assay
As shown in Figure 5A , the percentage of Annexin V-FITC stained cells both the early and late apoptotic cells increased with the concentration of the JMM6 applied. It showed a remarked does-dependent manner in inducing apoptosis by the JMM6. Moreover, the JMM6 also showed a significant inducing effect in time-dependent manner ( Figure 5B ). In 
Loss mitochondrial membrane potential (△Ψm)
To evaluate the function of mitochondria in the JMM6 induced apoptosis, we investigated its ability to induce alterations in mitochondrial potential. As shown in Figure 6A ,B, the △Ψm of the cells treated for 48h or 72h was gradually decreased with the JMM6 concentration increasing (30, 60 and 120μg/ml). Our results demonstrated that the △Ψm was significantly decreased by the JMM6 in a dose and time dependent manner ( Figure 6C ). It is indicated that the JMM6 can affect the mitochondrial function, and lead to the △Ψm value significantly decreasing, and causing the depolarization of the mitochondrial membrane, so the induction of apoptosis by the JMM6 may be associated with the mitochondrial pathway. 
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Discussion
Hepatocellular Carcinoma (HCC) is the sixth most common cancer worldwide in terms of numbers of cases (626,000 or 5.7% of new cancer cases every year), but because of the very poor prognosis, the number of deaths every year is almost the same (598,000). Thus, HCC constitutes the sixth most frequent form of cancer worldwide, and it holds third place concerning malignancy-related mortality with survival rates of 3% to 5% in cancer registries for the United States and developing countries. Half of these cases and deaths were estimated to occur in China (Ferlay et al., 2010) . In response to these threats, some anti-tumor chemicals or combined with radiation-therapy has been researched and developed to have Genomic stability appears to be dependent on mitochondrial functions involved in maintenance of proper intracellular redox status, ATP-dependent transcription, DNA replication, DNA repair and DNA recombination. If mitochondria are severely damaged, mitochondria damage checkpoint may not be able to repair the damage and protect cells. Such an event triggers apoptosis (Singh., 2004) . To evaluate the function of mitochondria in JMM6 induced apoptosis, its ability to induce alterations in the mitochondrial potential was investigated. The data ( Figure 6 ) showed that JMM6 decreased significantly the transmembrane potential of mitochondria, causing the depolarization of the mitochondrial membrane. Therefore, the loss of transmembrane potential was involved in JMM6 induced apoptosis. The two major apoptotic pathways 'intrinsic or mitochondrial' and 'extrinsic or death receptor-related' have been identified previously (Green, 1998) To understand fully the mechanism involved in the induction of apoptosis, further investigation will be needed to be carried out.
In conclusion, the present study demonstrates that JMM6 treatment potentially inhibited the proliferation of BEL-7402 cells and induced apoptosis through a mitochondria dependent pathway. Our work intensively reveals the anti-tumor effect and biological activities of the extracted JMM6. These results also point out the direction for the following researching and exploiting natural herbal medicine Juglans mandshurica Maxim.
